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NE of the earliest accounts of a spinal stenosis was given by Sachs and FraenkeW in 1900.
They described a patient with low-back pain caused by an abnormally thickened lumbar vertebra. A similar case was reported by Bailey and Casamajor ~ in 191 1. The role of the facet joints in the etiology of radicular symptoms was subsequently recognized by Key, s7 Danforth and Wilson, ~ Parker and Adson, 47 Putti, 4g Ayers, a Ghormley, 2g and by Williams and Yglesias, 67 who were also the first to use the term "facet syndrome." As the concept of a herniated lumbar disc evolved in 1934, 4a only scant attention was paid over the next two decades to radiculopathies resulting from degenerative changes in the lumbar spine? ' 6~ It was not until Verbiest ~3,6e introduced the concept of a lumbar spinal stenosis that interest was revived in radicular and cauda equina compression syndromes resulting from either congenitaP '18'52 or acquired narrowing of the spinal canal. Verbiest also described clearly the intermittent nature of pain and other sensory and motor symptoms in the lower extremities of patients with spinal stenosis. The term "intermittent claudication of the cauda equina ''~,~4 was coined after Dejerine's "intermittent,,c.laudication of the spinal cor~d";w'-fi-ff~Bergmark's intermittent spinal claudication. ' '8 Spinal ~ and intermittent neurogenic claudication have been studied and described since then from various aspects by a number of neurosurgeons, 8' 13"a9' 23' 2~' 3~ 8~.62,~8,69 orthopedic surgeons 2' 7' 14' 17' 27' 38' 39' 44' 57' 59"70 and radiologists 2~176 alike. In 1955, Schlesinger 54 reported two cases with "incarcerated" lumbar nerve roots beneath the~__hyper-trLg_p_hied facet joints. Epstein, et al.? 5 d e s~ the ' c l i n~n t a t i o n and the radiographic picture in 12 other cases with the "facet syndrome." Common to all their patients was an intense unilateral sciatic pain associated with a mild neurological deficit and an inconspicuous my_elogram. At operation, a lumbar nerve root compression caused by hypertrophy of the superior articular facet was found in every case. They had also suggested that the h e i~o f the intervertebral foramen on plain radiograp~i-s may be useful in determining a lateral recess stenosis. ~1 The lateral recess stenosis and the lateral entrapment syndrome have been recognized and described since then by. other authors as well. 24'4~ With the availability of transaxial tomography (TAT) 28,33,48,~5 and of computerized tomography (CT), a~,32,~8,~5 particularly of the high-resolution scanners, TM it is possible to image the cross-sectional anatomy of the spinal canal, and to demonstrate various pathological processes involving the articular of lateral recess stenosis and to quantitate the dimensions of a stenotic lateral recess using available neuroradiological methods. In addition, the surgical technique necessary to release a stenotic lateral recess is described.
Anatomy of the Lateral Recess
The lateral recess (Fig. 1) is an area bordered laterally by the pedicle, posteriorly by the superior articular facet, and anteriorly by the posterolateral surface of the vertebral body and the adjacent intervertebral disc. The narrowest part of a lateral recess is at the superior, rostral border of the corresponding pedicle. This is due to an anterior slanting of the horizontal portion of the superior articular facet from a more posterior position at its inferior, caudal border. Therefore, hypertrophy of the superior articular facet is more likely to cause a nerve root compression at the superior border of the pedicle (Fig. 2) . It is at this point that the height of a lateral recess should be measured.
Summary of Cases

Clinical Presentction
The average age of our patients was 51 years. The history ranged between 6 months and 10 years, with an average of 4 years. Four patients had a history of a prior laminectomy. Some back discomfort, although usually not severe, was present in 14 patients (Table  1 ). An intense, disabling, unilateral or bilateral leg pain was present in all patients. Characteristically, the leg pain was brought on by standing and walking. In the majority of patients the pain was relieved by squatting, by sitting down with the torso flexed forward, and by lying down, preferably with the thighs and knees in a flexed position. Valsalva maneuvers such as coughing, sneezing, or straining had generally no influence on the discomfort of these patients. Fourteen patients complained of paresthesias in the lower extremities. The paresthesias, frequently described as burning, were also present only on standing or walking.
On examination, a strikingly abnormal straight leg raising test was present in two patients only (Table 2 ). In the remaining 14 patients, the straight leg raising test was either negative, or associated with a mild discomfort when the leg was raised to 45* or more. A motor deficit, mostly mild, was found in I0 patients. The motor abnormalities included a mild weakness of the dorsiflexion of the great toes, an inability of some patients to walk on their toes, and a mild atrophy with no weakness or absent reflexes. Objective sensory deficits and a partial neurogenic bladder were rare.
Neuroradiological Findings
The most commonly involved facet joint was at the L4-5 level (Table 3) . Although plain x-ray films of the lumbar spine might suggest the presence of a lateral axial polytomography should also be employed in the evaluation of the stenotic lateral recess (Fig. 4) . Considering that polytomograms are always obtained with an assured and constant degree of magnification, the actual lateral recess height is easily determined.
The exaggerated trifoil appearance of the spinal canal (Fig. 5) , and a comparison of the height of the lateral recesses at various levels (Fig. 6) on the CT scan, are usually sufficient to identify the site of a suspected lateral recess stenosis. Considering, however, that CT images a 1-cm thick layer of the vertebral body, the lateral recess height on the CT scan is an average value for that layer. Although an evaluation of the lateral recess height with polytomography may be more accurate than with the CT scan, the measurements obtained by these two studies were quite comparable (Table 4 ). In the present series, the symptomatic lateral recesses measured less than 3 mm in height in half of the patients, and less than 4 mm in height in all but one patient; no patient had a lateral recess that measured more than 5 mm in height.
Pantopaque myelography has proven useful in the diagnosis of a spinal stenosis, ~1,'3 but its importance in the evaluation of a lateral recess stenosis has been rather limited. The most frequent finding on Pantopaque myelography is the amputation of a nerve root sleeve at the superior border of a stenotic lateral recess (Fig. 7) . The oily contrast medium does not should be looked for carefully in patients with intermittent claudications in whom the myelogram may otherwise be unremarkable (Fig. 9) . At the same time, this finding should not be overlooked in patients with a simultaneous hypertrophy of the inferior articular facets producing a much more conspicuous myelographic finding of a posterolateral compression of the dural sac. The summary of myelographic findings in this series is shown in Table 4 .
Surgical Treatment
At operation, a stenotic lateral recess was found in each instance. A central disc herniation was present in four patients and a degenerative spondylolisthesis in two patients. A lateral disc herniation, an epidural lipoma, a rotational instability, and a fusion overgrowth were found in one case each. The operative procedure consisted of a wide laminectomy and a partial facetectomy on the involved side (Fig. 10) , In patients with a simultaneous hypertrophy of the inferior articular facet, it was necessary to remove the medial one-third to one-half of this facet in order to gain access to the hypertrophied horizontal portion of the superior articular facet, which lies anteriorly to the inferior articular facet. The essential requirement of the operative procedure is to remove all of the hypertrophied horizontal portions of the superior articular facet. In doing so, the lumbar nerve root will be decompressed along its entire course in the lateral recess (Fig. 11) . Associated pathological processes, especially an intercurrent central or lateral disc herniation, ~~ must be dealt with according to the established principles of lumbar spine surgery. A rotational instability due to a degenerative spondylolisthesis may have to be treated with a lateral fusion (Fig. 12) . 4~,47 An iatrogenic lateral recess stenosis (Figs. 13 and 14 ) from an overgrowth of fusion 1~ will require a careful removal of the overhanging ledge of bone that narrows the lateral recess. since surgery. In four of these patients, an occasional backache and rare paresthesias persist. In two other patients, moderate symptoms persist or have recurred postoperatively. In the latter instance, the recurrence of symptoms was preceded by a trauma sustained during a fall. One patient who had previously undergone multiple laminectomies and who had a diabetic neuropathy has gradually worsened postoperatively.
FIG. 13. Lateral recess stenosis secondary to fusion overgrowth (arrowheads).
Operative Results
The 16 patients were followed from 6 to 36 months.
In 13 patients, the preoperative disabling intermittent neurogenic claudications have disappeared completely
Discussion
The essential feature in the clinical presentation of a lateral recess stenosis was a severe unilateral or bilateral leg pain, brought on by standing or walking, and relieved completely by squatting or sitting. L a t e r a l recess s y n d r o m e Indeed, most of the patients developed disabling intermittent claudications after standing or walking for 5 or 10 minutes only. Significant objective neurological abnormalities, on the other hand, were absent in the majority of patients. Even the straight leg raising test was either mildly abnormal or negative in all but two patients. This clinical presentation was thought to be quite different from that seen in patients with a herniated lumbar disc. In the latter instance, the symptoms are generally made worse by sitting, they are characteristically aggravated by a variety of Valsalva maneuvers, and the straight leg raising test is clearly abnormal on the involved side. The progression of symptoms and the development of abnormal neurological findings are generally more rapid in patients with disc herniations than in patients with a lateral recess stenosis whose symptoms, although disabling, may show no evidence of a progression for many years. The intermittent compression of an entrapped nerve root in patients with a lateral recess stenosis during standing or walking is likely the result of a slight forward movement of the superior articular facet when the lumbar spine lordosis is accentuated. The intermittent paresthesias and motor symptoms may be secondary to an intermittent compression of the radicular vascular supply when the patient stands or walks.
The neuroradiological evaluation of the height of the lateral recess determines the diagnosis of a lateral recess stenosis. The CT scan provides the easiest and best way of determining the site of a suspected lateral recess stenosis, but the most accurate measurement of the height of a lateral recess is obtained from the lateral or transaxial polytomograms of the lumbar spine. Figure 15 compares the height of lateral recesses in this series with normal measurements as described in the literature. The curve representing the lateral recesses in this series is to the left, on the narrow side, of the values obtained in normal subjects. The present study suggests that a lateral recess height of 2 mm or less is diagnostic, and a height of 3 mm or less is highly indicative of a lateral recess stenosis. On the other hand, a lateral recess of 5 mm or more in height rules out the possibility of a lateral recess stenosis.
Amipaque and not Pantopaque should be used, if otherwise not contraindicated, for myelography in patients with a suspected lateral recess stenosis. The characteristic finding is a flattened nerve root sleeve and nerve root silhouette beneath the hypertrophied superior articular facet. An isolated lateral recess stenosis from a singular hypertrophy of the superior articular facet, without any changes in the corresponding inferior articular facet, was seen in two patients only. In the remaining 14 patients, the lateral recess stenosis was associated with a simultaneous hypertrophy of the inferior articular facet. Even though the hypertrophy of an inferior articular facet produces a more impressive deficit on the myelogram, the intraoperative findings suggest that the intermittent entrapment of a lumber nerve root and, consequently, the intermittent neurogenic claudications, are secondary to the hypertrophy of the superior articular facet.
With the above thoughts in mind, it is important that the surgical treatment of intermittent neurogenic claudications includes the removal of the overhanging portion of the superior articular facet as far laterally as the medial surface of the corresponding pedicle, especially at the level of its superior border. Considering the very intimate relationship between the hypertrophied superior articular facet and the underlying lumbar nerve root in patients with a lateral recess stenosis, this part of the procedure should be carried out with extreme care. This surgical attitude will allow for excellent postoperative results.
